Brain-derived neurotrophic factor (BDNF) plays a role in the development of various non-neuronal tissues, as the reproductive system. BDNF transcript and protein has been detected in testis and sperms. The present work aimed to assess the possible involvement of BDNF mRNA expression in sperm functions, hormonal profile and oxidative stress in male infertility. Semen samples from 106 individuals attended the Andrology Outpatient Clinic, Mansoura University Hospital were included in the present study. They were grouped into normozoospermia (n= 31), asthenozoospermia (n= 24), astheno-teratozoospermia (n= 25) and Oligo-astheno-teratozoospermia (n= 26). Reverse transcription-PCR (RT-PCR) for brain-derived neurotrophic factor (BDNF) mRNA expression was done for semen samples. The present study demonstrated that BDNF mRNA expression was significantly decreased in the infertile samples compared with the normozoospermic group.
INTRODUCTION
Spermatozoa are particularly susceptible to oxidative injury due to the abundance of plasma membrane polyunsaturated fatty acids. Seminal reactive oxygen species (ROS) is believed to be one of the main factors in the pathogenesis of sperm dysfunction and sperm DNA damage in male infertility (Zalata et al., 1998 and Zini et al.,
2009).
The aim of the present work is to assess the role of BDNF mRNA in sperm functions, and the relation between sperm BDNF mRNA expression and the hormonal profile and oxidative stress in male infertility.
MATERIALS AND METHODS
A total of 106 men were included in the current study. Blood and semen samples were obtained from men attending the Andrology Outpatient Clinic, Mansoura University Hospital. Informed consent was obtained from all participants. They were grouped into control (normozoospermia, N) (n=31), asthenozoospermia (A) (n= 24), astheno-teratozoospermia (AT) (n= 25), and oligo-astheno-teratozoospermia (OAT) (n= 26) Reverse transcription-PCR for brain-derived neurotrophic factor (BDNF) mRNA expression: Semen samples were collected, and total RNA was extracted using RNeasy mini kit (Qiagen, cat no. 74104) as described in the manufacturer's instructions. The purity of RNA was checked at 260 nm using the Nanodrop spectrophotometer, NanoPhotometer® P-Class (Implen, Germany). The absence of RNA degradation was confirmed by electrophoresis on a 1.5% agarose gel electrophoresis containing ethidium bromide. First-strand cDNA was generated by using Maxima First Strand cDNA Synthesis Kit (Thermo Scientific, U.S.A). Brain-derived neurotrophic factor and B-actin were amplified using a PTC-200 thermal cycler (MJ Research, Essex, UK). Primers were prepared in accordance with a previous study (Kerschensteiner et al, 1999). Primer sequences were as follows: The cycle profile was as follows: initial denaturation at 94°C for 5 minutes, followed by 40 cycles of denaturation at 94°C for 30 seconds, annealing at 60°C for 1 minute and elongation at 72°C for 1 minute, and a final incubation at 72°C for 10 minutes.
Detection of the amplified RT-PCR products:
The PCR products were electrophoresed on 2% agarose gel stained with ethidium bromide and DNA was visualized via light UV Transilluminator (Model TUV-20, OWI. Scientific, Inc. 800 242-5560) and photographed under fixed conditions (the distance, the light and the zoom). The results were analyzed with scion image ® release Alpha 4.0.3.2. software for windows ® which performs bands detection and conversion to peaks. Area under each peak was calculated in square pixels and used for quantification. Brain-derived neurotrophic factor (BDNF) mRNA expression level was determined by calculating the ratio between the square pixel values of the target bands in relation to the control bands B-actin, housekeeping gene for Rt-PCR ( Figure1). Statistical analysis was done by using MedCalc® program version 10.0.1 (Schoonjans et al., 1995).
RESULTS
Table (1) showed semen parameters in all studied groups expressed as median and range. Sperm function tests including acrosine activity index, halo diameter, halo percent, and alpha-glucosidase activity showed statistical significant difference between fertile and all infertile groups as shown in (table 2). The hormonal profile showed significant increase in FSH levels in AT and OAT groups compared
with N control group. However, there was significant decrease of testosterone in OAT compared with N group (table 3) . The current work showed that BDNF mRNA expression levels were positively correlated to testosterone levels (r= 0.337, p= 0.0004) while, negatively correlated to FSH (r= -0.5, p= ˂0.0001) and MDA/ 10 8 x sperm levels (r= -0.735, p= ˂0.0001). However, BDNF mRNA expression was positively correlated to sperm motility, velocity, linear velocity, linearity index, and normal morphology and α-glucosidase activity using all samples as one group (table 5) . Stepwise multiple regression analysis was done to detect factors which may influence changes of BDNF mRNA expression where sperm morphology (F-ratio 5.1, p<0.0001) and α-glucosidase activity (F-ratio 2.4, p=0.02) were found to be possible determinants. Table ( Results from this study confirmed the expression of BDNF mRNA from sperms that was in agreement with other studies (Aquila et al.  2005) where BDNF and the Ntrk2 were found to be expressed in ejaculated bovine sperm. In accordance with results from this study, a clinical study has shown that the levels of BDNF mRNA in the sperm and BDNF protein in the seminal plasma of a group of oligoasthenozoospermic men were lower than those from a fertile group, indicating that the decreases in the abundance of BDNF and its mRNA transcript may be involved in the pathogenesis of male infertility (Zheng et al. 2011).
Also, it is suggested that the BDNF/Ntrk2 system may promote the survival of testicular cells (Grande et al., 2010) . Change in these signaling pathways due to low BDNF expression may mediate BDNF-promoted modifications of morphology. This subsequently may explain the results from this study where low BDNF expression may lead to abnormal morphology and hence abnormal functions causing infertility due to changes in the biological responses that are critical for cell survival and morphogenesis.
BDNF is an endothelial survival factor, deficiency of which results in reduced endothelial cell-cell contacts and apoptosis (Donovan et  al., 2000) . Animal models have demonstrated that apoptosis is the underlying mechanism of germ cell death during normal Adel A. Zalata , Amany Atwa , Naglaa Mokhtar , Mohamed khaled ‫ــــــــــــــــــــــــ‬ ‫ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ‬ ‫ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ‬ ‫ـــــــــ‬ 32 spermatogenesis (Sinha-Hikim et al., 1998). Thus, presence of higher rates of apoptosis could be another explanation for infertility in groups (A, AT & OAT) where BDNF levels were low. This was in line with increased rate of apoptosis that has been observed in testicular biopsies from infertile men with varying degrees of testicular insufficiency (Jurisicova et al., 1999) , and it was found that BDNF promoted apoptosis of bovine sperm occurs through Ntrk2 binding (Li  et al., 2012) . This could be explained on the basis of that BDNF/Ntrk2 signaling pathway stimulates pro-survival signals (Douma et al.,  2004 ) and modulates the cell death machinery directly by phosphorylating and thereby inhibiting the protein BAD, a proapoptotic member of the Bcl-2 family (Bonni et al., 1999) .
A possible explanation of how low BDNF mRNA expression could relate to infertility is that BDNF has been identified as a key component of the hypothalamic pathway that controls energy homeostasis ( In the current study, the decreased testosterone levels in OAT may depress BDNF mRNA expression. The interaction between androgen and BDNF could be explained by the indirect effect of androgen via increasing the levels of the angiogenic factor vascular endothelial growth factor (VEGF), leading to an increase vascular network and endothelial cell synthesis of BDNF (Goldman and Chen, 2013). Also it is found that BDNF mRNA expression is decreased in skeletal muscles in aged rats due to decrease in the circulating androgens (Ming et al. 1999 ). This correlated decrease in testosterone and BDNF levels could outline the critical roles of both testosterone and BDNF in testicular development and spermatogenesis and formation of fully mature sperm. However, BDNF is expressed in the accessory glands of rat and it is found to be down-regulated by androgen hormones (Mirabella et al., 2006) . The current study showed increased MDA level in seminal plasma of infertile groups associated with decreased In conclusion, this study demonstrates decreased sperm BDNF mRNA expression together with increased MDA levels from infertile groups. Being an endothelial survival protein, BDNF expression in ejaculated sperm can modulates the cell death machinery and it affects the mitochondrial activity, energy homeostasis and viability of the sperm. Increased oxidative stress from infertile groups may outline the antioxidant role of BDNF. It is notable that decreased testosterone and BDNF mRNA levels highlight their importance in spermatogenesis and sperm maturation. Thus, BDNF could be considered as a potential significant regulator of sperm physiology and hence could play a role in the pathophysiology of male infertility.
